In this paper, we take a political economy approach to study the introduction of urban congestion tolls, using a simple majority voting model. Making users pay for external congestion costs is for an economist an obvious reform, but successful introductions of externality pricing in transport are rare. In the few cases where tolls were actually introduced, implementation was characterized by two salient facts. First, the toll revenues were tied to improvements of public transport. Second, opposition to the introduction of tolling decreased substantially after it was introduced. In most cases, a majority was against ex ante, but a majority favored the introduction of tolling after it was implemented. This paper develops a stylized model with car and public transport, allowing for idiosyncratic uncertainty about modal substitution costs. We show that uncertainty reduces the number of voters that favors road pricing ex ante. The model can explain the presence of a majority that is against road pricing ex ante and in favor ex post. Moreover, uncertainty also implies that, if a majority is against ex ante, there will be no majority for organizing an experiment that would take away the individual uncertainty. Finally, we show that it is easier to obtain a majority when the toll revenues are used to subsidize public transport than when they are used for a tax refund.
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Introduction
Although many economists consider the introduction of urban road tolling as efficiency-enhancing, there are only a limited number of cases where urban tolls were actually introduced 1 Reviewing the experience where pricing was actually implemented --especially in the best documented cases of London and Stockholm, but also in Bergen and Oslo --one observes two salient facts. First, it seems that in these cities the attitudes towards road tolls substantially changed over time, becoming more favorable after introduction of the tolls. In several instances, there was a clear majority against road pricing before it was actually introduced, but a majority was in favor of the policy reform after its introduction (see, e.g., Schade and Baum (2007) ; for more details, see Section 2 below). This implies that urban road tolling could only be introduced by politicians that took decisions that ran temporarily against the will of the majority. Second, in all cases of successful introduction of road tolls, the toll revenues were somehow closely tied to subsidies for public transport or to financing improvements of public transport service levels or quality.
. Examples include London, Stockholm, Riga and several Norwegian cities (Bergen, Oslo). Many other cities seriously considered road tolls, but their actual implementation turned out to be politically infeasible. In Edinburgh, Birmingham and Manchester, road tolls were opposed by an overwhelming majority when the proposal was put to a vote in local referenda. Although Mayor Bloomberg of New York was strongly in favor of tolling, in 2008 the New York State Assembly ultimately decided not to vote on a proposal to introduce road tolls. In the Netherlands, road pricing has been on the agenda for decades, but implementation has been postponed several times.
In this paper, we take a political economy approach to study the introduction of road tolls, using a simple majority voting model. We use stylized one and two mode models in which voters decide on whether or not to introduce "optimal" road pricing and, if it is introduced, on the allocation of the toll revenues. Two alternative revenue uses are 2 considered: subsidies to public transportation and a tax refund to all voters. We follow the literature on economic reform (see Fernandez and Rodrik (1991) , Jain and Mukand (2003) , Ciccone (2004) ) and study the political outcomes both in the absence and in the presence of idiosyncratic uncertainty on the costs of switching modes for the initial car users. We show that, although a majority may be in favor of road pricing once the uncertainty is resolved (ex post), uncertainty is likely to imply a negative expected benefit for initial car drivers. Hence, uncertainty increases opposition from existing drivers, and this may easily imply a majority against the introduction of road pricing ex ante. Moreover, we show that it may also generate a majority against a road pricing experiment that would resolve the uncertainty. This suggests that politicians that favor road pricing may have to implement a road pricing experiment without having a referendum on whether to have such an experiment.
Our model is deliberately simple and, although it contains no magic recipe for a successful introduction of road pricing, it does help to understand the role of a road pricing experiment and the impact of different revenue uses on the political acceptability of road pricing. The main contribution of this paper is that it provides a potential answer to a number of specific questions: (i) why do we observe so few cases of successful implementation of road pricing?; (ii) why are more people against tolling ex ante than after its introduction ex post?; (iii) why is revenue use so closely tied to public transport?
The paper unfolds as follows. In Section 2, we provide some evidence on the implementation of urban road pricing, and we review the relevant transport and political economy literature that may help explain some of the most striking observations. Section 3 sets out a simple majority voting model with only one transport mode to study the attitude of different groups towards urban road tolls. We consider voting outcomes both in the absence of uncertainty and in the presence of idiosyncratic uncertainty about individuals' willingness to pay for road use. Section 4 extends the model to two modes (car and public transport) and introduces a wider choice of recycling strategies, including public transport subsidies. Moreover, it studies the role of people not using any peakperiod transport at all. Section 5 concludes.
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The political economy of implementing road tolls
In this section, we briefly review the most striking characteristics associated with the recent implementation of road pricing in a number of European cities. We then discuss several strands of literature that may help to understand and explain some of the empirical observations. 2.1. Implementing road tolls: resistance to reform and change in attitudes After the early introduction in Singapore, some form of urban tolling was introduced in Norway (Bergen, Oslo, Trondheim) in the late 80's and early 90's. More recently, tolls were implemented in London (2004) and Stockholm (2008) . In all cases, the introduction was combined with substantial improvements in the service frequency and quality of the public transport system. As mentioned in the introduction, introducing urban tolling failed in many other cities across Europe and, more recently, in the US.
Apart from using the revenues mainly for public transport, one is struck by two other remarkable phenomena when reviewing the few cases of successful introduction of pricing. One is that it seems that road pricing has usually been implemented against the will of a majority of voters. The other is that the evidence overwhelmingly suggests that public opinion became much more favorable towards road pricing after its formal introduction.
First, consider the Norwegian experience. In Bergen public opinion moved from strong opposition to almost majoritarian support after introduction of tolls (Larsen (1988) , Tretvik (2003) ). Similarly, in Oslo the attitude towards the toll ring road changed dramatically over time: before the introduction of pricing, 40% of the population reported to be very negative; after implementation, this figure declined to 17% in 1998 (see Schade and Baum (2007) Dixit et al. (1997) , Besley and Coate (1999) , Coate and Morris (1999) ). For example, if associations of road users or trucking companies fear they may be worse off if road pricing is implemented, they may either offer support to politicians for opposing its introduction, or directly lobby against proposals in favor of reform. This will especially be the case if members have made decisions (e.g., with respect to location or modal choice) that were beneficial precisely because of the absence of road pricing (Coate and Morris (1999) ).
Second, it has been pointed out that resistance to policy reform can be the result of uncertainty. Fernandez and Rodrik (1991) consider a simple model of policy reform in which the aggregate gains and losses of the reform to different groups are known. In a simple majority voting game, they show that status quo bias (i.e., bias against reform) may result when the policy itself makes people switch between groups and, due to individual uncertainty about switching costs between groups, some of the gainers and losers from the reform cannot be identified beforehand. They show that a reform for which a majority would exist once the uncertainty were resolved (ex post) may in fact not be implemented, because individual uncertainty leads a majority of voters to oppose the reform (ex ante). This model seems highly relevant to road pricing, because its introduction will induce a switch from road use to other modes of transport, whereas at the individual level there may be uncertainty as to the willingness to pay for road use of the switching cost to public transport. The Fernandez-Rodrik (1991) model was later extended by Jain and Mukand (2003) in that they allow the government to tax the gainers to compensate the losers. They show that status quo bias persists in the extended model:
uncertainty implies that people not only fear to lose from the policy reform; they also fear that, if the next government is dominated by people that gain, no compensation will be paid.
Third, resistance to policy reform has been associated with asymmetric information about the level of compensation to be paid to the losing group in the reform (see Mitchell and Miro (2006) Finally, many transport economists argue that the political support for implementing road pricing is strongly related to who will get the revenues and how these revenues will be used. With respect to the former, King et al. (2006) argue that revenues are best claimed by city centers, so that there is at least one strong advocate for the implementation of road pricing. With respect to the use of the revenues, different proposals have been launched, all involving a substantial share for alternative modes of transport. For example, Small (1992) has suggested that a combination of public transport investments, investment in road improvements and reductions of other taxes may create a sufficiently large majority to allow implementation. Borck and Wrede (2005) consider the potential role of commuting subsidies that allow reducing the demand of rich households for central city housing.
The one-mode model
In this section, we start with a simple one-mode model. We first introduce the model and discuss the political environment. We then look at the outcomes of the political process for the case without uncertainty. Next we study the economic implications of introducing uncertainty for the outcomes of the political process, and we consider the role of experiments in generating a majority in favor of reform.
Structure of the model
We represent the urban area as one homogenous road link that all individuals are interested in using twice a day during the peak period. In this section, the only mode of transport is the private car 3
We use a simple quasi-linear quadratic utility function with two arguments, road use and all other goods. The latter are priced at marginal cost, and there are no existing taxes. We assume all individuals are risk neutral; we return to issues of risk aversion and loss aversion in the final section of the paper. Let the inverse demand function be given by (p is price, n the number of car drivers):
. The willingness to pay (WTP) for car use is uniformly distributed so that individuals can be indexed according to their WTP. The individual with highest WTP has index 1, the lowest has index N.
We assume the same value of time for all users. The average time cost is given by the linear relation
where d represents other driving costs and time costs at maximum speed, excluding taxes. 4 Therefore, the marginal social cost function is
As can be seen from this description, we use a partial equilibrium model of the transport market, waving away all other distortions in the transport market and in the rest of the economy (see Parry and Bento (2001) , Calthrop, De Borger and Proost (2010) ).
These distortions exist and affect the choice of the optimal pricing policy, but they are of a second order importance when one considers, as we do in this paper, the behavior of the 8 voters 5 We use two strong assumptions to stylize political decisions. First, we assume that decisions are taken by simple majority voting. This is important, as it excludes the politician and political institutions as independent agents. In reality, politicians may be particularly important when there is a lot of uncertainty on the outcome of certain policies (see Besley (2006) for a survey). We do not rule out the existence of extra distortions at the level of politicians and agencies; however, they are not modeled here. Second, we only consider two choices for the political system: the status quo without road pricing, and the socially optimal road toll. The reason for focusing on optimal tolling only is that, if we would allow any arbitrary level of tolls and the majority is not driving, the political system may well generate a toll that is much higher than the socially optimal level (see Dunkerley et al. (2009) for an illustration).
. Finally, note that in this section we assume lump sum redistribution of the toll revenues. In later sections, we consider public transport subsidies as well.
Consider the market equilibrium in the absence of socially optimal pricing. The equilibrium number of users n° is found by setting price equal to the average user cost, so
we have:
The social optimum is achieved by pricing at marginal social cost; this implies a lower road use n*, viz.:
The model is illustrated in Figure 1 . The social optimum requires setting a tax equal to marginal external cost at the optimal traffic flow. This tax is:
Toll revenues are then: 2 * * ( *) t n c n =
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In this section, we assume the revenues are redistributed uniformly to all N consumers (car drivers and others); this means the government can redistribute
per person. Moreover, for simplicity assume that at a zero price everyone would be driving, so that the total number of individuals (drivers plus others) N equals the number of drivers that would exist at a zero price. Finally, although they can be important for road pricing, we do not take into account transaction costs. 
Decisions under certainty
Suppose there is no uncertainty; every individual driver knows his willingness to pay. Moreover, every initial driver knows whether or not he will be driving after the introduction of road pricing.
Consider the introduction of the optimal toll policy with redistribution as described above. First, each person that was initially not a driver (people in the interval 
The first term is the tax paid, the second term is time gain, the third term is the gain from redistribution. It immediately follows that remaining drivers are necessarily worse off. To show this, first note that:
Now use the definitions of 0 *, n n given above (see (1)- (2)), and note that our model 
This is necessarily negative, so remaining drivers lose. This may seem counterintuitive, because remaining drivers gain time and they receive part of the revenues collected.
However, the time gain is substantially less than the tax paid (see Figure 1) , and the tax revenues have to be shared with both initial non-drivers and with all initial drivers that no longer drive.
Third, people that no longer drive because of the tax policy (interval 0 ( *, ) n n ) gain redistributed revenue, they lose the value of the trip (captured by willingness to pay (a-bn)), and they gain the average time cost they no longer have to make; this is given by
Some ex-drivers will be worse off, some will be better off; this depends on the position of the driver we consider in the relevant interval. People close to * n will be worse off,
Since the gain is linear in n there exists a cutoff value . For the former, the revenues they receive are insufficient to compensate for the loss in value associated with driving; for the latter, the value of the trip only slightly exceeded the time cost, and the revenues received are more than enough to compensate for this loss.
' n such that all people to the left are worse off and everyone to the right is better off. This value is given by solving
for n. We find:
Note that the difference is directly related to the generated tax revenues for redistribution.
One further easily shows that 0 * ' n n n < < .
Consider now a majority vote between the two alternatives considered: no road toll, or a road toll * * t cn = with equal redistribution of the toll revenues to all individuals.
Then we have the following result: PROPOSITION 1. Under certainty, there is a majority for an optimal road toll if
It is easily shown that n' is declining in c. Consequently, for given N, it is easier to get a majority for road pricing when the network is quite congestible.
6 This can easily be shown. For example, the gain for the driver at 
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In Figure 1 , the first line under the supply and demand figure gives the number of individuals that are in favor and against the optimal urban toll. If n' is smaller than N/2, there is a simple majority to introduce the optimal urban toll.
Decisions under uncertainty (ex ante)
Now introduce uncertainty. There are several ways to do so. One source of uncertainty is the use of the toll revenues. A citizen may be unlikely to favor a toll when it is not clear how the money will be used: for direct redistribution, for beneficial projects, or for bad projects. In our one-period model, however, without any role for politicians, this is a less interesting avenue. We therefore focus on another source of uncertainty: the idiosyncratic uncertainty of the car user who does not know how easy it is to give up his car use. In the literature on economic reform (see Fernandez and Rodrik (1991) and Jain and Mukand (2003) 
The first term is the fraction of continuing drivers times their gain per person. The second term is the fraction of people not driving anymore times the expected gain in the relevant 7 An alternative assumption would be that initial drivers do know whether they have a relatively high or relatively low WTP for car use. This implies that the drivers in the category ( 0 *, n n ) would have a less negative expected benefit of the introduction of road pricing. In this case our main qualitative results still hold but the specific parameter restrictions will differ.
13 interval ( 0 *, n n ). Since demand is linear, this is obtained by evaluating n at the mean of the interval.
To evaluate the expected gain (10), first note that the last term between square brackets can be worked out to equal:
Substitute in (10) to get:
Simple algebra implies that this expression can be rewritten as
Now, using (1), (2) and the definition of N, we have
It follows that (11), and hence (10), is necessarily negative.
We have, therefore, shown that the expected gain for all initial drivers is negative under our assumptions. Consequently, if people vote on the basis of the expected gain under uncertainty, all 0 n people will vote against.
Implications of uncertainty
The type of idiosyncratic uncertainty introduced above has important implications. It may affect the outcome of the political process of majority voting.
Moreover, it raises questions on the role of road pricing experiments that are often suggested to gain more support for road pricing, by reducing uncertainty. In the remainder of this section, we discuss these issues consecutively.
Conflict between ex ante and ex post political outcomes
Note that in the absence of uncertainty all voters to the left of n' vote against.
Under uncertainty, all 0 n people will vote against. We can conclude then that: 14 1. Since 0 ' n n < , more voters will be against under uncertainty than under certainty.
a majority is against under uncertainty, although a majority would have been in favor in the absence of uncertainty.
The difference in voting behavior is illustrated on the bottom part of Figure 1 : the uncertainty on the cost of giving up the car generates a larger fraction of the population against urban road tolling. Note that 0 2 N n < is not a strong condition at all in our setting;
it is easily shown that it will necessarily hold as long as the price elasticity of demand at 0 n is less than one in absolute value.
The possibility that uncertainty may imply a majority against road pricing even though a majority would have been in favor in the absence of uncertainty raises a number of further interesting questions. First, what is the relation between the welfare gain of road pricing and the likelihood of having a majority in favor of the reform under uncertainty? Indeed, uncertainty means that a larger welfare gain of road pricing does not necessarily imply that it is more likely to be actually implemented. Second, how important is the 'conflict range', i.e., the range for which a majority is against ex ante but in favor ex post? In Appendix 1, we show that the answer to both questions crucially depends on the relative slopes of the demand function and the user cost function (b and c, respectively). It is shown that, except for a very price sensitive demand (low value of b), a higher welfare gain also implies a higher likelihood of getting a majority ex ante.
Moreover, it is shown that the conflict range exists for a wide variety of values of (b/c); it reaches a maximum at b=2c.
Uncertainty and the role of an experiment
An obvious way to resolve the uncertainty on the cost of adaptation is to conduct a road pricing experiment, as was done in Stockholm. This raises the question whether a majority will vote in favor of having such an experiment?
Consider a rational individual in our simple model who is initially using his car.
He is uncertain about his WTP and, as shown above, has a negative expected benefit of the introduction of an urban road toll. It is easy to show that he will also have a negative 15 benefit of an experiment on road pricing. As a consequence, if there was ex ante a majority against the toll, there will also be a majority against an experiment.
The proof goes as follows. Consider an individual that has a negative expected benefit as driver, although he would actually benefit from the introduction of road tolling because he is situated in the range (n', 0 n ) as defined in (8 therefore, be equivalent to voting in favor of introducing road tolling. However, these people have, ex ante, a negative expected benefit. Therefore, anticipating the consequences, they will never rationally favor an experiment on road tolling.
We summarize the results of this section in the following proposition. 
A two-mode model when not everyone needs transport
In this section, we extend the model in two ways. First, the N transport users are given the choice between either using their car or using public transport. The introduction of public transport also implies more flexibility in using the revenues of road pricing:
they can be reimbursed lump-sum to voters, they can be used to subsidize public transport (or to improve the quality of public transport, which is the same in our model, see below), or a combination of both. Second, we now assume there is a fixed number of (M-N)
people that do not use any (peak) transport at all. These include various groups that do not work (the retired, the unemployed, discouraged workers, etc.), individuals that use other transport modes (biking, walking), etc.
The setting described may reflect the peak-period transport problem in an urban setting. If the government is thinking about introducing a toll-subsidy package in the city, this affects car and public transport users. Moreover, different allocations of toll revenues are possible which may have implications for voting behavior. Finally, including the group of non-transport users in the peak period is relevant in the sense that these people may be allowed to vote on proposals to introduce road pricing. Depending on the use of the revenues, they may or may not benefit from its introduction. For example, if the policy includes redistribution to all citizens, it also affects those people in urban areas that use neither a car nor public transport during the peak.
Formulation of the model
The model is illustrated using Figure 2 . Despite the various extensions, the graphical analysis and the description of the user and social equilibrium only needs slight adaptation compared to the model of the previous section. To see this, let M be the total number of voters. Total transport demand N is assumed to be given; hence, we assume total demand is perfectly inelastic but, of course, modal choice is not. Total demand is divided between car demand n and public transport demand (N-n). People choose between car and public transport based on the overall generalized cost. The average cost for car transport is, as before:
The generalized cost of public transport is assumed to be uniformly distributed; it is measured from right to left on Figure 2 . It is assumed that people face a different generalized cost of public transport due to, e.g., differences in access cost (related to, e.g., proximity to the network). People with the lowest generalized cost of public transport are on the right. The higher the access cost the further people are situated to the left. We capture the generalized cost of public transport for a given individual indexed n by the expression (a-bn). This cost is the sum of private access and time costs, the time cost associated with the trip itself and, in the absence of public transport subsidies, the marginal resource cost of providing the service. Note that the marginal resource cost can be decreasing (due to economies of scale) as long as the private access costs are sufficiently strongly increasing. Figure 2 shows the analogy with the one-mode case: the WTP for car use is now re-interpreted as the generalized access cost for public transport; this cost increases from right to left.
We now assume that all N individuals want to make a trip and have to choose between car and public transport. All people with a generalized cost of public transport exceeding the cost of car use will go by car. To determine the initial equilibrium number of car users, we equate the marginal cost of public transport and the cost of car use. In the absence of taxes and subsidies, the solution to (d+cn)=(a-bn) yields the initial number of car users as:
The number of public transport users in the initial situation is 
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The welfare optimum in this setting is obtained by minimizing total user costs for all travelers. If the number of car users is n, then all car users face a cost (d+cn). The cost for each of the (N-n) public transport users depends on each person's individual generalized cost. Given linearity of the cost function the total cost of all public transport users is given by (N-n) times the average cost of public transport between n and N. Hence the optimal equilibrium n solves:
Solving this problem yields the welfare optimal number of car users; it is given by:
Note that this is the same expression we found in the one-mode setting.
The presence of public transport allows us to consider not only a road toll but also public transport subsidies (as before, the toll is denoted t ; the subsidy is denoted s). For a given combination of a toll t and a subsidy s, the user equilibrium that determines the number of car and public transport users requires:
a bn s d cn t − − = + + Using this expression and the equation for * n , we find that the tax and subsidy combination that implements the welfare optimum must satisfy:
Given the setup of our model, this implies that there are, in principle, an infinite number of tax and subsidy combinations that can be used to implement the welfare-optimal solution. This is due to our assumption of given total transport demand N. Suboptimal pricing of car use complemented with public transport subsidies induces the first best, because total demand is perfectly inelastic.
In what follows, we consider three alternative government policies.
(i) First, the government imposes the optimal tax on road use and does not subsidize public transport. Toll revenues are redistributed to all M people on a per capita basis. In other words, we have (ii) Second, we consider a situation where toll revenues are used partially for subsidies to public transport and partially for lump-sum redistribution. We look at optimal tax-subsidy combinations (hence, they satisfy * t s cn + = ) and suppose there is no formal government budget restriction. The revenue surplus of the welfare-optimal tax and subsidy package is simply redistributed to all M voters on a per capita basis, where we consider only combinations for which a positive amount is available for lump-sum redistribution. Hence, the tax-subsidy combination satisfies 
Redistribution per person amounts to
Note that there are an infinite number such (t, s) combinations.
(iii) Third, assume an optimal toll-subsidy combination is introduced (hence, it satisfies * t s cn + = ), where the toll revenues can only be used to subsidize (or be invested in) public transport. In other words, the optimal tax-subsidy combination must satisfy the government budget restriction * ( *) 0 tn s N n − − = . One easily shows that this results in a unique welfare-optimal road tax and subsidy package 
Decisions under certainty
For the different types of people (continuing car drivers, people switching from car to public transport, continuing public transport users, people not demanding any peakperiod transport), we first discuss the effects of each of the three tax policy options separately. We then discuss for each group the ranking of four alternative policies, viz.
the three road pricing options plus a fourth option which is the status quo, i.e. have no road pricing at all. Finally, we discuss the outcomes of majority voting over the four policy options.
Net gains for the different policies
The net gains to each of the different groups were derived in a completely analogous way as in the previous section.
Option (1): optimal tax with simple redistribution
The results are given in Table 1 . We find that the net gain to continuing drivers (group 0-n*) is now given by 
Option 3: optimal tax-subsidy with budget restriction
If all toll revenues can only be used to finance public transport subsidies, the net gains are as in Table 3 . People that demand no transport at all are unaffected. Note that for the other groups we find exactly the same result as in the case of one mode.
The gain for continuing car drivers will be negative under a mild condition. That in theory it might be positive can be understood as follows. Intuitively, if there are a large number of continuing car drivers and few public transport users that need to be subsidized, then the tax per car driver will be small. If the congestion function is 
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Net gain We are now in a position to compare, for each group, which of the four available options (three road pricing options 1-2-3, plus the option of doing nothing, denoted option 0) is preferred. We bring the results together in Table 4 . In the final column, we report the implied ranking of the three options from the viewpoint of each of the groups considered: continuing car drivers, people that switch from car to public transport, continuing rail users, and people not demanding transport. Note that setting M=N yields the results of Section 3.
First, consider continuing drivers. Assuming that all road pricing options make them worse off (if not, they would always vote in favor and road pricing would always have a majority) they prefer option 0 (no road pricing at all) over the three others. Of the remaining options, they prefer option 3 over option 1. Although they do not get any revenues back via redistribution, they pay a lower tax under option 3; moreover, under policy 1 they have to share redistribution of the revenues with people not demanding any 24 transport. It is also obvious that they prefer 2 over 1. Option 3 can easily be shown be preferred to 2 if we assume, as we did, that a positive amount is available for redistribution. To see this, option 3 is preferred to 2 if:
Now let us assume that the tax-subsidy combination considered in option 2 is such that it leaves a positive net amount for pure redistribution. So we have:
Since M>N, this immediately tells us that option 3 is better than option 2. So continuing car drivers have a clear ranking: they like 3 better than 2 better than 1.
Second, consider the group that switches from road to public transport. They clearly prefer options 2 and 3 (the options with subsidies) over option 1 (the option with only redistribution). Moreover, under our assumptions they are better off with option 2 than with 1: the latter only has redistribution, the former provides a direct subsidy to public transport. The ranking of option 0, having no road pricing at all, depends on the position of the individual in the range ( 0 *, n n ). People with ' n n < , where 2 0 ( *) ' c n n n b N = − is the cutoff under option 3, will prefer option 0 over option 3; the others in the relevant range prefer option 3 over doing nothing.
Third, we see that continuing public transport users prefer option 3 over 2 over 1 for the same reasons. Finally, people that demand no transport at all --provided a positive amount is redistributed in option 2 --will prefer 1 over 2 over 3. For all people in the range ( 0 n M − ) doing nothing is the worst possible scenario, because in that case they get nothing at all.
Based on the discussion above, we provide a summary of the rankings of the four alternatives by each of the groups of voters in Appendix 2. A graphical illustration of the results is given in Figure 3 . In a certain sense, this is bad news; it implies that depending on the number of voters (M) relative to the number of people negatively affected by road pricing (n') and the total number of travelers in the peak (N) almost anything is possible; to some extent, of course, the number of voters is subject to manipulation (see the Stockholm case mentioned in the introduction, where suburban municipalities were not allowed to vote). A majority will be against road pricing if more than half the number of voters is negatively affected. Tolling and using the revenues to subsidize public transport will get a majority if the previous condition does not hold and total transport users account for more than half the number of voters (provided people not directly affected (N-M) at least get something out of the deal,
Finally, for option 3 a majority will be pro under certainty whereas a majority will be against due to uncertainty if To conclude this section, a final point on time consistency. Once road pricing has been introduced, the drivers in the category (n*, n°) will have switched to public transit.
This has resolved the uncertainty on WTP, so that there will be no majority for a return to the pre-road pricing equilibrium.
Conclusions and caveats
In this paper, a simple majority voting model was studied in which people vote over the introduction of peak-period road pricing; the model considered two transport modes, car transport and public transport. The revenues of road pricing could be returned lump sum to voters, or they could be used to support public transport.
The model provides an explanation for several observed phenomena associated with the introduction of road pricing in practice; the London and Stockholm experiences serve as relevant cases. The model offers a potential explanation for the empirical observation that the introduction of road pricing in these cities was combined with 30 substantial investment and subsidies in public transport. Introducing idiosyncratic individual uncertainty about the willingness-to-pay for car use, it also explains the evolution of public attitudes towards road pricing that was observed: there was widespread opposition to road pricing before its introduction, but public support grew over time after road pricing was introduced. Our model shows that uncertainty may imply the presence of a majority that is ex ante against road pricing and ex post in favor.
Finally, we show that the ex ante majority against road pricing also implies that there is no majority for organizing an experiment that would take away the individual uncertainty. This may explain the organization of experiments by the authorities against the will of the population; this was observed, among others, in Stockholm.
Our model was deliberately simple, and a number of strong assumptions were introduced, including equal values of time for all road users, a linear congestion function, the absence of risk and loss aversion, no interaction between car and public transport in the production of congestion, a linear public transport cost function and a uniform distribution of WTP. It is clear that relaxing these assumptions complicates the analysis, but there are good reasons to believe that the main message of this paper will still hold.
First, risk aversion would serve to strengthen the conclusion that ex ante majorities against road pricing may turn into majorities in favor of road pricing ex post. Second, loss aversion (in the sense of status quo bias) among initial drivers reduces the shift from car use to public transport; its main effect in the framework of our model is to make demand for car travel less elastic. Third, allowing car use to affect the time cost of public transport is likely to make public transport more attractive after introducing road pricing, but it also affects the optimal road toll. However, it does not affect the logic of the current paper.
A number of extensions may be worthwhile for future work. For example, the behavior of politicians was completely absent from our model: people voted over the introduction of road pricing, but politicians' preferences and possible lobbying by groups affected by road pricing played no role at all. Finally, other types of uncertainty could be studied, such as uncertainty about the use of the revenues, or uncertainty about the effect of road tolls on traffic levels.
It is more difficult to get a majority for higher a and lower d. Moreover, 0 L z ∂ > ∂ , so that it is always 'more difficult' (in the sense that it becomes more difficult to satisfy L<0.5) to get a majority if z increases. More congestibility (higher c) makes it easier to get a majority, because you have fewer drivers.
Therefore, in most cases (as long as b>0.6c), a higher welfare gain also implies a higher probability of getting a majority under uncertainty.
